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Abstract - This paper deals with the computationandmeasuremeni ofthe 
Input impedance of folded-dipole antennas. A generalexpression for the 
input impedance is given in terms of the self- and mutual radiation im- 
pedances andthe transmission-line impedance of the two conductors 

composing the folded dipole. Approximate values of the radiation imped- 
ances are computed using induced emf with sinusoidal current distribu- 
tions and integral equation methods. Experimentally and theoretically 
determined curves representing the resistive and reactive components 
of the input impedance as functions of frequency are given for represent- 
ative folded dipoles having equal- and unequal-size conductors. In some 
computations the effect of the gap capacitance at the feed point was taken 
into consideration. 


tT, Ietroduction 


In recent vears folded dipole antennas have been used extensively 


as receiving and transmi*ting antennas in such VHF and UHF applications 


yr 


as FM and TV broadcasticg and radio communications. 1 In addition, folded 
unipole antennas, whichare essentially half folded dipoles plus ground planes, 
have proved popular for radie communication applications such as police 
3 é “ 2. z 
radio and other ermergency communication services.~ Hence, for these 
applications alone, the folded dipole is of considerable interest from the 
practical point of view. 
The exieisive use of folded dipcles and foldedunipoles is attributable 
to their followins characteristics 
ji Feu: input impedancesare considerably higher than those 
of simple dipoles and unipoles Transmission lines of higher 
characteristic impedance than for simple dipoles or unipoles 
can be properly terminated; hence transmission losses can be 
reduced, 
‘2) Their input snpedances can be altered by changing the 
ratic of the diameters of the conductors forming the two sides 
of the folded dipole. 
(3) They have broad-band frequency characteristics compar-~ 
able with these of simple dipoles and unipoles made from con- 
siderably larger conductors. 
'4) They can be connected directly toground to provide light- 
‘y prorection without affecting their performance character~= 
LabLC Ss. 
(5) They are easy to manufacture. 
Tn addtion to the interest in folded dipoles from the practical point 
of view, “ie, are of considrrable interest theoretically, The folded dipole 


is actuallya rectangular loop artepna having alarge ratio of length to width 


and carrying a nonuniform current. If the actual current distribution is 


* See er- of paper jor vumbeved references, 
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known, the impedance of the antenna can be computed. However, the prob- 
lem of determining the current distribution is a very difficult one to solve. 

In solving for the current distribution and hence impedances of two 
identical coupled antennas, King and Harrison” have resolved the applied 
voltages and the currents into symmetricalandantisymmetrical components 
following a suggestion made independently by Dr. A. H. Wing, andMr., Roger 
Clapp. They utilized Hallén's* integral equation 1..Lthod of determining the 
current distribution. Their computations were limited to spacings greater 
than 0.05 wavelengths. They showed thatthe current distributions on coupled 
parasitic antennas are different from those on the driven antennas; that the 
self-impedances of the antenna elements are functions of spacing when the 
spacing is small; andthat the assumption of sinusoidally distributed currents 
is incorrect even in infinitely thin antennas for antenna lengths differing 
appreciably from a half wavelength, These results are contrary to the 
assumptions which are made in computations involving assumed sinusoidal 
current distributions following the procedures given by Carter” and Brown,” 

Tai! and then King® in August, 1952 have improvedthe method used 
by King and Harrison,> Tai has shown that for two closely-coupled anti- 
symmetrically-drivenantennas that the solution reducesto the conventional 
one obtaimerd ‘rom transmission-line theery, Mer ita’ has checked experi- 
mentally the currentand charge distributions predictedtheoretically by Tai. 
The agreement was good, 

These results for coupled antennas lead one to attempt an analysis 
of folded dipole antennas by treating them as coupled antennas, Fer sym- 


metrical applied voltages, the current distributions and impedances should 
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be essentially the same as those piven by King and Harrison and Tai for 
closely spaced coupled antennas Fcr antisymmetrical applied voltages, 
the current distribution’and the input ir-pedance should be the conventional 
ones for shorted open-wire lines obtained fvorn transmission line theory. 
Folded dipoles formed fromtwo identics] comducting rods connectedtogether 
at their ends have been piven brief theoretical consideration by King and 
some of his associates ai Cruft Laboratory, Kine gives the following ex- 
pression for input impedance of 4a folded dipols for conditions near half-wave 


resonance: 10 


where Ze is the self-impedance vith: driven conductor, and Z is the 


12 
mutual impedance between them, Both impedances being computed by me- 


3 
thods for coupled antennas. For thin conductors and small spacings, 4 1 


! do not diffe t Viben Z. wz 4Z .. 
and fs do not differ greatly so thet Ze t 5] 

Van B. Roberts has considerid the problem of determining the input, 
impedance of folded dipoles formed from two conductors of different size, 
He utilizes anelectrostatic approachio detxrmine how the charge and hence 


currents divide between the two conductors. He has shown that the input 


impedance at resonance is approximately piven by" 


Ze 
er o1 | 
an =R4Yi4—--— 

nC Zaz 5 
where R is the radiationresistance of the tvra conductors connected in par- 


aisel, Be is the characteristic impedaace of a transmission line formed of 


two conductors like the driven elementand with the same center-io-center 


spacing as the actual amtenna elements, and Z is similarly defined but 
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a 
for the parasitic element. Guertler by means of an essentially equivalent 


methad of approach has obiained the same result as van B. Roberts but has 


considered folded dipoles of two and more elements, /* 


Schelkunoff and Friis have extended van B, Roberts’ analysis and 


give the following formula for the input admittance of a folded dipole: 14 
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where Y 0 is the characteristic admittance ofthe conductors energized anti~ 
symmetrically or in push~pull, and Yy is the input admittance of the two 
conductors connected in parallel, This formula is similar to the formula 
developed inthis paper and yields approximately the same results for many 
cases of practical interest, 

This paper will include, in addition to the development of a formula 
for the input impedance of folded dipole antennas formed from conductors 
of unequal as well as equal size conductors, typical camputed impedance 
curves, and the comparison of these computed curves with experimentally 


determined curves, 
Il. Derivation of Impedance Formula 


A typical folded dipole made of conductors of unequal size is shown 
in Fig, lia). It is assumed that conductor 1, the drivenconductor hasa radius 


aj}; conductor 2 hasa radius a,;andthat the conductors are spaced a distance 


om 


b between their axes, Since the system is linear, the principle of linear 
superposition may be applied to resolvethe problem of determining the in- 


put impedance as seen by the generator V_ into two less difficult problems. 


1 
If the folded dipole is picturedas two closely-coupled elements hav- 


Es 


ing self-impedances Ze and Zs and coupled by a mutual impedance Z)> 


2 


the following circuital equations can be written: 


—_ z q 
Vi = 45h) + Zq2!5 


i 02=Z!_I Z* I 
Regs yh oe 


In writing these equations it is assumed that the generator whose voltage 


is V, is a point generator, that the currents TY, and 1, are the currents at 


2 
the midpoints of elements land 2, respectively, and that the impedances 
Zip a2 and Z ie are based on the actual current distributions on the folded 
dipole. The input impedance determined by Eqs. (1) is given by 


2 
(2) Zin = 2S, - (242/252) 


If the impedances 25r Zo and ZI were known this expression 
could be used to determine the input impedance to the folded dipole. How- 
ever, it is necessary to know the current distributions on conductors 1 and 
2 in order to compute Ze Z 32 and Zi, These current distributions are 
not known ard cannot easily be approximated. Hence, the currents at the 
midpoints of conductors 1] and 2 will be resolved into symmetrical and anti- 
symmetrical components; the distributions associated with the symmetrical 


and anti-symmetrical components of these reference currents will then be 


approximated; the input impedances associated wilh these components will 


pe 


be computed; and then these impedances will be combined in such away as 
to yield the input impedance resulting from the reference currents. 

Figure l(b) represents the problem of determining the input imped- 
ance of two closely coupled elements carrying equal ‘*‘push-push"’ or sym- 
metrical currents. Figure l(c) similarly represents the problem of deter- 
mining the input impedance of twoclosely-coupledelements carrying equal 
‘‘push-pull’’ or antisymmetrical currents and constituting twotransmission- 
line stubs with their ‘‘receiving ends’’ shorted and their ‘‘sending ends”’ 
connected in series. 


By setting 


Teljtl 


(3) 


I> =I, ~ ly 


where Il, and I, are symmetrical and antisymmetrical components of current, 


respectively, Eqs. (1) become 


Vy = (231 + 2) Ty + (21 - 242) 1 


= (z" ' i o_7t 
0 = (202 + 212) 1, + (24, - 235) L- 
If we set, 
& ' 1 a a A 
6) (a) Vy. (Zt, + 245) T. (c) Vy, a(Z)) Z1,)1 
(b) V2, = (23, + 242) I, (d) Vo, =(Zh2 - Zyo)la 


then Eqs. (4) are equivalent to 


(6) 
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Since V,.- V,, must equal zero, it follows by Eqs, (5b) and (5d) 


(7) I/t, = (Z$2 + Zh dAZ2 ~ 242) 


Equations (5) also imply that 


¥ 
t 1 Z -~Z. 
(8) (a) Vs 4p t O32 =R (b) Via Via sl 12 2A 
{ oo : == qT 
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V 
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Since V, = V,,[1+ (v/v), =V, (1 + RA)» it follows by virtue 
of Eqs. (8) that 


Vie= v/a +RA) vias Vv /p +(1/RA) 


and 


These equations show that for folded dipoles of unequal size con- 
ductors, the potential of conductor 2 is different in absolute value from that 
of conductor 1 when the conductors are carrying antisymmetrical currents, 

If Eqs. (9) are substituted into either the first two or the last two 


of Eqs, (5), the following expressions for I. and i,, are obtained: 


(10) To =V\/[ + RAZ! + Zt = (Vv /2y(zh, - 2! 
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I, = Vy/ [14 (1/R4)) (28, - 24,)) = (Vv, /2(Zb, + 2 5)/D 


2 
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where D = 25] 252 Zio 
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The second forms of these expressions indicate that Le and L can 
also be obtained by computing the currents in conductor 1 when push-push 
and push-pull voliages of magnitude V |/2 @re applied in turm at the mid- 
points of conductors land 2. However, if this is done, the magnitudes of 
the currents in conductor 2 will be different from those associated with the 
voltages, Vo ,V ,V and ¥ unless the two conductors are of equal 

Is 25 La. 2a 
size. Hence, the currents in conductors | and 2 will have different magni- 
tudes; therefore they cannof be computed using ordinarytransmission~line 


theory. Byapplying the voltages V_ and Vos of Eqs. (9) te the conductors, 


la 
the currents in the two conductors are equal in magnitude and opposite in 
sign as required by ordinary transmission-line theory. 

From. the viewpoint of ordinary transmission~line theory, the mag-~ 
nitude of the antisymmetrical current is given by 


(li f = (¥ Vv £22 = V¥ oe / i(t i ' . aay 7, 
14) IW + Vi) RU +a)/ [+ Ra )2Z, JAY 1/22, 


sc 
where 

(12) ZwsijZ. tam ph 

sc ~ 0 

is the input impedance of a shorted transmission line whose length is equal 
tothe half~length of the folded dipole and whose conductors are identical 
in. size and spacing with those of the folded dipole. The characteristic im- 
pedance te is computed using the following formula for unequal size con- 


ducters: 


a 


| = 198 tog f tb/da.7 + ~ 11 [(o/2a_) Wo/2 
(13) 2) =13 105 (/ a) ni a) H¥o/2a, 


0 

A satisfactory approximate expressionfor the symmetrical or push~ 

push current ismuchmore difficultto find. If symmetrical voltages, each of 
magnitude V 1 /2 are applied to equal size conductors, Eq. (10) with zt 12 20> 
could be used to compute I_ if the impedances Zi, and Z'., were known, 


sl 1 1 
are computed by the method used by King and Harrison” and by Tai! 


However, for this case, values of Z', = 2. and Z t9 = Z sos where Z i and 
s 

Lied 

12 

in their analyses of coupled antennas, could be used, Alsp, as aless exact 


approximation Z . and Z_. could be computedusing sinusoidal approxima- 


1 12 
tions for the current distributions.°*° Hence, one is led to utilize the latter 


method in computing 45. Z 52 and 4 for the case of unequal size con- 


12 
ductors and touse the results of these computations in place of 25 e's2! 
and a to compute I Also, one is led to use values of self- and mutual 
‘sapedance obtained by various approximate methods which are strictly 
applicable only under conditions that. proximity effects on impedances are 
negligible, 

Now that approximate methods of computing Be and L areavailable, 
the input impedance of the folded dipole can be computed utilizing the formula 
(14) ZB ID £1.) 

L's a 
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[f Bqs. (6a) and (7) and approximate expressions for the various im~ 


pedances are properly utilized, Eq. (14) yields for T= 0 


ce 


(15) Z5 = (Z., + 249) + (2,4 2,5) A = 2IZ_, + 2,,4) 


in *"s. j2: 3 12 


where A is defined in Eq. (8b). For equal size conductors A= 1 so 


that 


Th = 7. Z 
(16) Zo PAZ t 2) 


in agreement with the results of a previous analysis, 10 For I, #9, 


17 eh ZS At 4 Zo 

(17) in sc ia!! 1A ac 

where 

eons g 

(18) Zi, =(Z,,+2),4) 
and 

‘| J z A : : Aw; Z & 
(19) i (1+ RA)/R(L +A ) is 


-{|l- 


Ill. Impedance Formula for Sinusoidal Currents 


Self- and mutual impedances of linear antenna elementsare usually 
computed by methods based on the assumption of sinusoidal current distri- 
butions alongthe axes of the elements. This assumption leads to the follow= 
ing formulas for the components of the mutual impedance: !* 

Ris = (1/sin *p n){ 60[ 2cipb - Cip(rg, + bh) ~ Cip(r 04 7 2] 


+ 30 | 2ciBb - 2CiBirg, +h) - 2Ci Ble, - bh) 
(20) + Cif ( + 2h) + CiB(r ~~ 2h)| cos 2Bh 
B(r 42h) + CHB lr - 2h) 
30/ 2818 (r__ = h) - 2536 (+ 3% B/ 2h 
Z 30/ 2818 tog 7H SiB (re), +h) + SiBlr | + h) 


~ 3p (t | - 2n) | sin 2 Bh | 

ee 
Xo = (i/sin“p h)} 60 [siptx +h) + SiB oa = h) = 2Sipb| 

a 4 es es 

+ 30[ 2sig (ro, th) + 2818 (2 - h) - 2Sipb 

(2.1) - SiB(r, at 2h) = Si Bir 4 ~ = 2h)| cos 2Bh 
30 2cig(r  - h) - 2Cig(r 3 £ 
+ 30/ 2Cig(r), h) Cig +b) + Cig Eg eb) 


- CiB(r, | - 2h) | sin 2gh } 


In these formulas 
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Gin = ( COR x ay 
| x 


Yoo 


and 
u 
Siu = (= d= 
x 
“0 
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are the conventional cosine and sine integrals, 
The limiting forms of Eqs. (20) and (21) for small spacings b =a, 
the radius of the conductor, yield the following expressions for the self-im- 


pedance of the conductor: 


2 
R,, = (1/sin" Bh) (60(c + In 2Bh - CiZBh) + 30(Si4Bh ~ 25i2Bh) sin 2 Bh 
7 i. 


(22) 
+ 30(C +1n fh - 2Ci2Bh + Ci4Bh) cos 28 a} 


er ae ee : eee 
Xo, = (1/sin fh) {60 Si2 Bh + 30(2Si2Bh ~ Sidph) cos Bh 


- 30(in—$- C - In 20 ~ Cid Bh + 2Ciz2 fh) sin 28 nf 


In these expressions C~0,5772 is Euler’s constant, 


; , Lt tZ a i 
The fact tha 1 Ri tity 1 5 


for small spacings suggest that A as defined in Eq. (8b) be computedusing 


is a limiting form of Z ee Riot iz, 


the formulas for R i] and x, 1 in place of those for R, 3 


ly, but withthe spacing b replacingthe radius a. If thisis done, Asimplifies 


and X12 respective- 


to the following form: 


; ae , i 7 _ 
(24) & = log (b/a ,) /log (by a.) = Za fZoo 


where 294 and Zu9 are characteristic impedances as previously defined. 
Also by Fa. (8b), the ratio of the potential of conductar 1 te that of conductor 
2 when they catry antisymmetrical currents is equalto A, 


Utilizing the approximation of Eq. (25), the input impedance as given 


for I, = 0 by Eq. (15) simplifies to 


ow | 3 an 


(25) Z.= 4 Ez ae Ce | 


In addition, if Z . and Z.- 


12 ST pure resistances, this expression becomes 
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(26) Ri 4 [Rar + R19(Zq/Z9)| 


Since R_, and R, > are appr oximately equal in magnitude, the last equation 
Bod q 7 
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can be further simplified to give 


ot i 
(27) Rin = 2Rgi [1+ (291/292) } 


This equation is a useful design equation. It should be notedthat Re 4aR oy 
for equal size conductors; that R.< 4R oy if Zo1~ Zo 33 and that Ri 4R I 
o> OL x 
- 01 02 

In the introduction to this paper the equivalent of the following ex~ 


pression for the input admittance of a folded dipole was given: 


| ~2 
Yin 2% + en ae, 


where A = 291/292 According to the analysis of this paper (See Eq. (17) ) 


Hence the two results are in agreement if 
a yy = V0 A 
a hg At 


The admittance YS of the twe conductors in parallel can be shown 
by solving the circult equations for equal applied voltages and sinusoidal 


current distributions to be related to Y om as fellows: 


0 


; ~ dstles , Sale. ge 
(29) Xs eae Seal = (/¥) f + 5/1) = (Ya) [ + | 
i a 
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where q and L, are the currents in conductors land 2, respectively, 
when excited in parallel with a vollage V,. Therefore the condition for 


agreement of the two results sumplifies to 
£30) 24 


This condition is satisfied only if the two conductors forming the folded 


dipole are of equal size. 
IV, Computed and Experimental Results 


Measurements and computations of the input impedance of the two 
folded dipoles shown in Fig. 2 were made, Both antennas were made of 
copper tubing, The firstantenna was made of 7/8-inch O.D, copper tub- 
ing; the second, of 7/S8-inch O,D. and 3/8-inch O.D. copper tubing, the 
fed element having the smaller diameter, The elements were 2,8 teet 
long and had center-to-center spacings of three inches. 

Impedance measurements were nade using the arrangement shown 
in Fig. 3. Since a slotted lime was used for impedance measurements t 
was necessary to usea balance-to-unbalance transformer (balun) between 
the balanced folded dipole andthe unbalanced slotted line, An experimental 
method was used to determine the frequency af which the balun was a 
half wavelength long before the anteroa was commected, Corrections were 
made in the measured values of impedance for the effect of the balun and 


the associated coaxial cable, | 
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Figure 4 shows curves of the input resistance and reactance of the 

folded dipole of Fig. 2(a) as functions of ph, the half-length of the dipole 
a 

in radian measure, It should be noted that thers are two frequencies af 
anti-resonance and one frequency of series resonance inthe range plotted, 

Figure 5 shows approximately equivalent circuits for frequencies 
hear the resorantandanti-resoran' frequencies, For the lower frequency 
ofanti-resonance the anti-symmetvrical ar ‘“‘bransmission-line’’ currents 
are associated with an inductive reactance sioce shorted lines which are 
less than a quarter-wavelength long are inductive, For the higher fre= 
quency of anbi-resonance, the shorted lines are capacitive since the 
shorted limes which are mere than a quarter- wavelength but less than a 
half-wavelength longare capacitive, For the lower frequency ofantireso- 
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nance the symmetrical or “antenna”? currents have associated with them. 
an impedance which is capacitive since a simple linear antenna element 
has a capacitive impedance for half-lengths appreciably shorter than a 
quarter wavelength, For the higher frequency of anti-resonance, an an-~ 
tenna elementhasan inductive impedance, Series resonance occurs ata 
frequency betbweenthe two anbieresonant frequencies, The impedance as- 
sociated withthe transmission lime currents is sohighastoabe almost neg- 
ligible for frequencies at or near the frequency of series resonance of 
the folded dipole. Series resonance of the antenna having equal size occurs 
for afrequency of 160 megacycies per second, Since the antenna elements 
are 2,8-feet or 85.3-cm long, series resonance ocenrs for this antenna 
when its length is 91.5 percent ofa half wavelensth. At the frequency of 


series resonance the impedance of this folded dipole is 263 chms. By 


Eq. (27) with R_ | = 73.2 ohms the impedance would be 292.8 ohms. 

Figures 6 and 7 give curves representing computed and measured 

0 

values of the input resistance and input reactance of the folded dipole of 
equal size elements. The cornpited curves of Fig. 6 were based on an 
assumed sinusoidal distribution af currents on both elements. Those of 
Fig. 7 were based ona distribution of current determined by Tai’s method 
for coupled elements. 7 Both figures contain curves which show the effect 
of a shunt capacitance of 0,65 mmf acrossthe gapin the excited elemert, 
This value of pap capacitance was based on low-frequency measurements 
of the impedance of a center-fed element like that of Fig. 2(a). The 
agreement between measured and computed values is reasonably good 
for frequencies ab or near series resonance, Overall agreement in the 
frequency range for which computations were made was better when gap 
capacitance was taken into account, However, the inclusion of a gap ca- 
pacilance tended to make the agreement in the resistance values poorer 
for the lower frequencies, 

Figure 8 represents the input resistance and input reactance of the 
folded dipole of unequal size elements (see Fig. 2) as functions of electri- 
cal lenghh, One peir of computed curvesis based on a sinusoidal current 
distribution, Since no adequate theory of coupled antennas of unequal 
size conductors is currently available, the other is based on sinusoidal 
distributions for the mutual impedance, but on the distribution delermined 
by the King~Middleton method, for self-impedances, is The agreement 


hetween measured and computed values is fair, It should be noted that 
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half wavelength and that the resistance at resonance is larger than that 

for equal size elements. However, the measured value of resistance is 
4 

appreciably larger than the computed value. The approximate equation 


(27) with R_, = 73.2 ohms yields a resistance of 435 ohms, This value 


1 
is about 50 percent larger than that for a folded dipole with equal size 
elements. If the experimental valuesare compared for the two antennas 
it will be found that Eq. (27) gives an approximation to the percent in« 
crease in resistance resulting from making the fed <lement half as large 


as the other clement. 
V. Conclusions 


The results of this investigation show that the input impedance 
of a folded dipole can be computedwith fair accuracy using the following 


equations (element 1, the driven element): 


Zz =22* 2! Az z, 
sc tal’ ia? se! 


A =(Z,,-2,,)/Z,, ~ Z,,) 


N 
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Zoe (1+ RA)/R(1 4A) Z 


sc Ss sc 
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= (Zoo + ZZ.) + 212) 


9 = 138 10g ,9|(b/22,) a/to/2a -1 lo /20,) (b/2a,) oa 
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In these equations the impedances Z age 45> and Z 12 should be computed 


utilizing a method for closely coupled antennas such as that discussed by 
Tai for the special case ef equal size conductors. ! No results oi an ad- 
equate theory of coupled or unequal size conductorsare currently avail~ 
able. However, Ze 46 and A142 can also be approximated utilizing 
Eqs. (20) te (23), for which case Ais given by Eq. (24). 

The values of input impedance determined by use of the latter 
approximations are somewhat high as would be expected. At series re~- 
sonance, the folded dipole formed from equal size conductors yielded an 
input resistance of about 263 ohms, experimentally, but a value of 293.8 
ohms, when computations utilizing Eqs. (20) to (24) are made, ~- a fairly 
large error, Nevertheless, the theory does give a good approximation 
to the percent change in input impedance at series resonance as the ratio 
of diameters of the conductors is varied from a ratio of unity. 

For design purposes, if an experimental value of the input re~ 
Sistance is known for one ratio of conductor diameters, and the conductar 
Spacing is smail then the following simple expression can be used to 


approximate the resistance for some other ratio of conductor diameters 


or some other conductor spacing: 


RA, it 4 


2h. —___, 
Ri, 1+ A 
where 4 now equals the ratio of characteristic impedances as given by 
&=-Z /Z2 _ = log (b/a )/ log (b/a ). The value of Alis given by the 
age 68 g (b/a ), g (b/a_) is g y 


same expression as & if the appropriate radii and spacing are used. 


Series resonance can be expected to txist for conductor lengths 


=19e 


of the order of 90 to 95 percent of a hali wavelength depending upon the 
size of the conductors, Small diameter conductors require the longer 
lengths, Hence, to designa folded dipole to match a given line, the length 
of the conductors should be chosen for series resonance at the desired 
frequency; the ratio of conductor diameters, for impedance match; and 


the conductor sizes and spacings, to meetthe broad-band requirements. 


Fig. 
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Figure Captions 
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Folded dipole antenna fromthe viewpoint of the Superposition 
Theorem and ‘*push-push’” and ‘‘push-pull’’ currents. 


Physical dimensions of the antennas on which data is given. 
Impedance measuring apparatus. 


Measured values of the input impedance of the antenna of 
equal size conductors. 


Approximate equivalent circuits representing electrical be~ 
havior of a folded dipole for different frequency ranges. 


Measured values of input impedance of the antenna of equal 
size conductors compared with computed values based on 
Sinusoidal current distributions, The gap capacitance was 
0.65 mmf, 


Measured and computed values of input impedance of the an- 
tenna of equal size conductors compared with computed values 
based on current distributions determined by Tai’s theory 
of coupled antennas, 


Measured values of input impedance of the antenna of unequal 
size conductors compared with computed values based on 
self-impedances determined by the King-Middleton theory 
of cylindrical antennas and mutual impedances determined 
by sinusoidal current distributions. 
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